Resting energy expenditure (REE) was measured in 112 morbidly obese adults prior to elective gastric bypass surgery. The patients studied ranged from 157 to 327% of ideal body weight. Standard nutritional assessment indices (serum total protein, albumin, total iron binding capacity, hematocrit, and white blood cell count) were within normal limits. REE was estimated by the Harris-Benedict formula using both current weight and ideal weight. Measured REE was significantly less than expected (p < 0.01) using current weight and significantly greater than expected (p < 0.01) when ideal weight was used as the standard. Linear regression analysis between standard indices that reflect resting metabolic rate in normal adults and measured REE in study patients did not demonstrate sufficient correlation to be clinically useful in this patient population. Standard surgical therapy may result in highly variable weight loss in this population if the wide range of resting energy expenditure and the consequential variability in individual caloric deficits is not considered. Standard predictors do not identify those patients likely to be unsuccessful with a given weight loss regimen.
T HE PREVALENCE of obesity in the United States varies between 6 and 22% for males and 11 and 46% for females, depending upon age and income.' 3 The prognosis for successful weight reduction is poor, particularly for persons who become obese during childhood. 4 Treatment techniques have included fasting, pharmacologic treatment, behavior modification, surgery, physical activity, and group self-help. 4 Since the identification ofmetabolic and hepatic com-plications5l9 and the development of protein malnutrition'°in some patients following intestinal bypass procedures, the gastric bypass has become the preferred surgical procedure for the treatment of morbid obesity.
Weight loss following gastric bypass surgery is variable.6'7" 1-13 Most explanations ofthis phenomenon have focused on the technical perfection of the operative procedure.6'7"' The hypothesis is that a second factor contributing to this variable weight loss may be individual alterations in energy expenditure. Garrow'4 has noted reduced metabolic rate in some obese individuals and Danforth'" has described the inability of some obese patients to respond to over feeding with the normal increase in resting energy expenditure (REE). Morbidly obese persons may have marked individual variations in energy expenditure. When gastric bypass surgery imposes a standard therapy for every patient, this may result in widely different exogenous caloric deficits and subsequently variable weight loss. Regardless of the treatment modality employed, successful weight loss requires sustained negative energy balance, or the maintenance of a daily dietary intake with fewer calories than are expended over that same 24-hour period. Therefore, the determination of the optimum caloric intake required to produce a given degree of weight loss over time is dependent upon an accurate appraisal of an individual's total daily energy expenditure.
A popular method for estimating total energy expenditure is to calculate resting energy expenditure from standard predictor equations and then add an additional 20% increment to account for physical activity. Alter ing energy expenditure was 88.4 ± 15.0% and 89.5 ± 16.9% of expected for the males and females, respectively. When resting energy expenditure was calculated using ideal weight, measured REE was 120.0 ± 39.9% and 138.6 ± 22.3% of expected for the males and females. Thus, actual resting energy expenditure was significantly less (p < 0.01) than predicted when current weight was used with the Harris-Benedict formula and significantly greater (p <0.01) than predicted by the Harris-Benedict formula when ideal weight was used in the calculation. Individual variation in resting energy expenditure ranged from 57% to 135% ofexpected when the standard was calculated from current weight, with only 39% of the patients being within ± 10% of expected REE (Fig. 1 ). Resting energy expenditure ranged from 95% to 194% of expected when the standard was calculated from ideal weight with only 13% of the sample being within ± 10% of expected REE (Fig. 2) In addition, the conditions under which a predictor was developed should be considered when it is applied. The Harris-Benedict formula was developed on 136 healthy normal males and 103 healthy normal females. The subjects fasted for 12 hours, traveled to the monitoring center, and rested for a half hour before measurements of gas exchange were made. Multiple linear regression analyses using Harris-Benedict's original data showed correlation coefficients of +0.77 for the male subjects and +0.54 for the females. Although this predictor is frequently considered to be an estimator of basal energy expenditure, it was not developed under the measurement conditions for basal energy expenditure described by Wilmore,25 i.e., measurement within a half hour of waking, in a darkened room, following a 12-hour fast. It more closely adheres to the conditions of resting energy expenditure (which may be measured at any time of day). It is appropriate to compare measured REE with the predicted REE (Harris-Benedict formula) from the standpoint of the similarity of measurement conditions employed. However, its applicability to significantly overweight patients is questionable as there were no such subjects in the Harris-Benedict developmental population.
Moore describes the body composition of a normal healthy individual to be 12 to 20% total body fat and 35 to 45% body cell mass.22 For a 70-kg man, this represents a total body fat compartment of 8.4 to 14.0 kg and a body cell mass of 24.5 to 31.5 kg. Shizgal has found morbidly obese patients to have a total body fat compartment comprising 50% (79.7 kg) of total weight (148.6 kg) and a body cell mass compartment that comprises 22% (33.0 kg) of body weight.'0 These values are significantly different from his normal controls'0 and from the values described by Moore.22 Morbidly obese persons clearly have abnormal body composition.
These data indicate that the resting energy expenditure of morbidly obese persons cannot be estimated accurately by the Harris-Benedict formula. In addition, linear regression analyses indicate that there is no simple factor which adjusts for these observed differences, nor does the inclusion of an index describing degree of obesity (% IBW) provide a correction with sufficient sensitivity and specificity for clinical use Three patients receiving identical therapy (gastric bypass surgery followed by 700 kcal/day intake) could demonstrate drastically different degrees of weight loss after one year due solely to individual differences in REE.
(100 lb) weight loss in one year, if all weight were lost from the adipose tissue compartment; (9000 kcal = 1 kg fat). This 45-kg adipose tissue loss requires a 405,000 kcal/year deficit (1110 kcal deficit/day). Preliminary data from this institution indicate that these patients ingest approximately 700 kcal/day after the initial postoperative convalescence and adaptation following gastric bypass surgery.
Assuming metabolic rate to be constant over time, an individual with a measured energy expenditure of 1900 kcal/day would generate a caloric deficit of 1200 kcal/ day or 438,000 kcal/year. This translates into a 48.7 kg (107 lb) weight loss in a year if it is assumed only fat is lost. These calculations are summarized for patient A in Table 4 . Patient A had a measured REE within ± 10% of expected as did 39% of patients in this study.
As can be seen in Figure 1 These three patients illustrate that if one estimates energy expenditure (1900 kcal/day), applies a standard therapy (gastric bypass) that results in a standard caloric intake (700 kcal/day) and a standard caloric deficit (1200 kcal/day), the resultant fat weight loss may vary fourfold ( 18.3-75 kg) merely because of differences in actual energy expenditure. Morbidly obese individuals of the same age, sex, height, and weight will have identical predicted energy expenditures (Harris-Benedict equation), but their actual metabolic rate may vary from 55 to 135% of expected rate.
Clinical application of a standard therapy designed to reduce caloric intake and increase the caloric deficit will result in considerably variable weight loss in morbidly obese adults unless the wide range of actual resting energy expenditure in these patients is considered. Available predictive equations do not accurately estimate true resting energy expenditure in this population and cannot be used to rationally design a weight loss regimen. In view of the inability to generate a valid predictive equation for the morbidly obese, measuring energy expenditure is the only viable alternative.
